Abstract-The present investigation deals with the fabrication of silver (Ag) patch antenna with yttrium iron garnet (YIG) thick film layer inclusion as substrate overlay to enhance its performance. In this paper, YIG nanopowder was mixed with organic vehicle which consists of linseed oil, m-xylene and α-terpineol with powder ratio of 30 wt%. Then the mix was stirred at 150rpm for 3 hours at 40°C in order to obtain homogenous paste, followed by printing it onto FR4 substrate using the screen printing technique to form the YIG thick film layer before dried at 200°C. A basic square shape patch antenna by using silver paste was printed onto the YIG layer and then compared with another patch antenna which was printed without the YIG layer. The results shown that the antenna with YIG thick film layer has return loss of -19.67dB, resonant frequency 6.42GHz, bandwidth 3.13 and Q factor of 2.051, which is better compared to the antenna without the layer by 138.13%, 3.22%, 49.76% and 31.08% respectively.
I. INTRODUCTION
Microstrip patch antenna (MPA) is usually consists of a radiating patch, a dielectric substrate and a ground plane. As compared to conventional microwaves antennas, microstrip patch antenna has several advantages such as lightweight, flat profile, low cost and easy to fabricate. However, there are several disadvantages that must be taken into account when choosing MPA over conventional antennas, such as low efficiency, and narrow bandwidth [1] , [2] . Therefore it is important to determine the substrate material selection in order to achieve good results according to targeted usage or device.
Antenna fabrication using ferrite substrate had first been explored in 1980s, using typical ferrite such as nickel cobalt ferrite [3] and yttrium iron garnet or YIG [4] . Rainville and Harackiewicz first demonstrated the fabrication of MPA on ferrite film [5] . Gallium doped YIG film with thickness of 75µm was deposited on both sides of gadolinium gallium garnet (GGG) wafer with 0.5mm thickness and =13. The experiment showed that not only the frequency can be tuned, but the polarization can also be varied using magnetic bias field. It is not clear however what method was used to deposit the ferrite film, and other radiation characteristics such as bandwidth and return loss were not reported. In the next few years, several other groups also reported the use of magnetic film as inclusion in fabrication of MPA [6] - [8] .
This paper investigates the effect of loading YIG thick film as inclusion during the MPA fabrication in terms of return loss and bandwidth of the MPA. Thick film technology which utilizes screen printing technique is chosen as the fabrication process due to its ease of use and the ability to control the thickness of the film printed. By using thick film technology, researchers can be more flexible in choosing the paste materials for radiating element and the substrate used, as compared to traditional method which is restricted to FR4 substrate and copper as the radiating patch.
II. EXPERIMENTAL
First, the paste was prepared by mixing 30 wt% of YIG nanopowder (<100nm particle size, 99.9% trace metals basis) with 70 wt% of organic vehicle which consists of linseed stand oil, m-xylene and α-terpineol. The ratio of active powder was chosen based on study done previously [9] . The mixture was then stirred at 150rpm for 3 hours, with temperature fixed at 40°C using magnetic stirrer to obtain homogenous paste. After mixing, the paste was then screen printed onto FR4 substrate using silk screen with rectangular shape design. The YIG thick film was then left to level off, dried and fired in a box furnace at 200°C for 30 minutes to remove the organic vehicle and bind the ferrite nanopowders to the substrate. The dried thick film was then characterized using FESEM for structural morphology, EDX for elemental analysis and impedance analyzer for dielectric and magnetic properties. Afterwards, a silver thick film was then printed onto the YIG thick film to serve as the radiating patch and microstrip line transmission of the antenna. The printed patch was then fired at 150°C for 30 minutes. Finally, SMA connector was mounted to the fabricated antenna for measurement of resonant frequency, return loss and bandwidth using vector network analyzer (VNA). Another patch antenna was also fabricated without YIG thick film as substrate overlay for comparison. Fig. 1 shows the structure of the designed antenna and the actual fabricated MPA. Fig. 2 shows the FESEM images of the YIG thick film before and after firing at 200°C. Before the thick film is subjected to a certain temperature, the organic vehicle which is in liquid form covered the thick film. When the film is fired in a furnace, the organic vehicle dried off and evaporated while at the same time holding the nanoparticles and bound them to the substrate. Linseed stand oil which is used in the organic vehicle also known as drying oil polymerizes when exposed to a certain temperature. This makes the oil suitable as a vehicle as well as a binder in thick film paste. The image of thick film fired at 200°C also showed good dispersion of the YIG nanopowders, with nanoparticles visible ranging from 20 to 40 nm.
III. RESULTS AND DISCUSSION
Meanwhile, Fig. 3 shows EDX analysis of the thick film surface before and after firing. Carbon (C) and oxygen (O) elements' content are high at room temperature due to existence of linseed oil and other solvents at this point. When the temperature is increased, the organic vehicle evaporated from the surface, and key elements of YIG which are yttrium and iron becomes visible. Au element is also visible due to coating of the sample to prevent charging during FESEM usage. Permittivity, dielectric loss tangent and permeability of YIG thick film for frequency ranging from 1 MHz to 1 GHz are shown in Fig. 4 to 6 respectively. The permittivity which is also refers to as the dielectric constant of the material, is around 4.3, whereas the loss tangent is 0.05. The permeability of the material is 0.9, which is less than 1. Based on these results, although YIG is considered soft ferrite, the low permeability shows that the thick film has very weak magnetization but quite high permittivity and low loss tangent, which makes it a good dielectric material for antenna fabrication. 7 shows the return loss and resonant frequency of the fabricated patch antenna. It can be clearly seen that by adding on ferrite thick film layer onto the substrate, the return loss and -3dB bandwidth improved significantly, while the resonant frequency (f r ) shifted by only 0.2GHz, which is 3.22% increment. The return loss improved by 138.13% which is from -8.26dB without ferrite thick and -19.67 with the ferrite film. The bandwidth (BW) is also wider by 49.76%, which is from 2.09 increased to 3.13. As a result, the Q factor of the antenna which can be derived from equation
has decreased from 2.976 to 2.051 due to wider BW. 
IV. CONCLUSION
This paper investigated the potential of YIG thick film inclusion in microstrip patch antenna fabrication to enhance its performance. The results showed that when YIG thick film is added onto the substrate as overlay under the patch, the performance in terms of return loss and bandwidth of the antenna significantly improved. This proved that the ferrite thick film can be used to enhance the MPA performance especially for improvement of the bandwidth which has always been a main disadvantage if using MPA. Future work will include the study on MPA on selected range of frequency, and the use of flexible substrate using ferrite thick film as performance enhancer of the flexible MPA.
